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ABSTRACT 
TWO years of field tests and computer simulation with 20 years of Des Moines, lA, weather data 
were used to compare performance of stirred and 
unstirred natural-air corn dryers. For bins with the same 
size fan, stirring reduced drying time, electric-energy 
use, and overdrying. Stirring also allowed successful 
drying with reduced fan power and airflow. Adding 
stirrers to 5.5-m diameter bins was cost effective for 
drying 24% moisture corn and for 20% moisture corn 
when electricity prices were greater than about 
$0.08/kWh. Cost effectiveness of adding stirrers to 
natural-air dryers improved as corn and electricity 
prices, and initial corn moisture increased. 
INTRODUCTION 
Natural-air drying is popular among Iowa corn 
producers because it is an energy-efficient process that 
allows rapid harvest with minimum grain handling and 
usually produces high-quality grain. But natural-air 
drying with Iowa weather conditions has several 
drawbacks: corn at bin bottom is often overdried (dried 
below 15.5% moisture*) while corn on top remains wet 
with a high spoilage risk. Also, because drying 
conditions deteriorate as fall progresses and drying rate 
slows as moisture of the top layer decreases, it takes a 
long time (and a lot of extra electricity) to move the 
drying front through the last meter of grain. 
Grain stirrers can potentially eliminate the drawbacks 
to natural-air drying in Iowa. By vertically mixing corn in 
a bin, stirrers can simultaneously reduce overdrying at 
bottom and spoilage risk on top. Drying time can be 
reduced because corn can be stirred and drying halted 
when average moisture reaches the desired value. In 
unstirred bins, drying must continue until the top corn 
dries. In addition, stirrers decrease airflow resistance 
(Bern et al., 1982; Wilcke and Bern, 1986), which 
increases airflow and further reduces drying time, or 
allows use of smaller fans. 
But how do you manage stirrers to maximize their 
advantages without reducing drying efficiency? 
(Excessive stirring reduces airflow. It also keeps top corn 
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*A11 moisture contents are wet basis. 
too dry so that air leaves the bin less saturated.) And do 
benefits produced by stirring justify its cost? Field tests 
and computer simulations were used to address these 
questions. 
Our objectives were to: 
1. Compare drying time, energy use, and overdrying 
in real stirred and unstirred drying bins. 
2. Modify a computer model so that it accurately 
simulates natural-air stir drying. 
3. Simulate natural-air drying with various airflow 
levels and stirring schemes using 20 years of Des Moines, 
lA, weather data to determine minimum acceptable 
airflow for stirred bins. 
4. Compare net revenues for stirred and unstirred 
natural-air corn drying in 5.5-m diameter bins, and 
determine trends in net revenues with changes in corn 
and electricity prices, and initial corn moisture. 
FIELD TESTS 
In two years of field tests, we compared drying time, 
energy use, overdrying, and practical management 
problems in stirred and unstirred natural-air corn 
dryers. Both years, the unstirred bin was managed as a 
conventional natural-air dryer. Its fan was operated 
continuously until average daily temperature was less 
than 0°C in fall and again in spring until moisture in the 
top layer fell below 15.5%. 
We wanted to test the effect of frequent stirring on 
drying time and energy use. Considering the long drying 
period required with natural air (3 to 8 weeks), 
continuous stirring seemed unreasonable. Continuous 
stirring would increase stirrer maintenance and 
operating costs, and might cause problems with excess 
BCFM (broken corn and foreign material) near the 
drying floor (Wilcke and Bern, 1986). As a compromise 
test condition, we selected 48 h of stirring per week of 
drying for one bin for the first year. The stirrers were 
capable of blending a full bin of corn to a uniform 
moisture ( ± 1 percentage point) with 24 to 48 h of 
operation. 
We knew that stirring too much would reduce drying 
efficiency, increase costs, and possibly cause problems 
with BCFM. So our goal was to obtain the benefits of 
stirring, while operating the stirrers for as few hours as 
possible. For corn wetter than about 22%, stirring just 
three times (48 h each time) seemed best: (a) at filling, to 
increase airflow; (b) when average moisture fell to 20%, 
to reduce spoilage risk, but leave wet enough corn on top 
to nearly saturate drying air; and (c) when average 
moisture reached 15.5%, to minimize overdrying. For 
corn drier than about 22%, stirring twice—at the 
beginning and end of the drying period—seemed best. 
We tested the two/three-time stirring plan on one bin the 
first year and on two bins the second year. 
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Procedure 
Our tests were conducted at the Iowa State University 
Woodruff Farm, 9 km southwest of Ames, using three 
5.5-m diameter bins (hereinafter referred to as "east," 
"center," and "west") equipped for natural-air drying. 
In addition, the east and center bins contained single-
auger stirring devices. Equipment is described by Wilcke 
and Bern (1986). The west bin was operated as an 
unstirred dryer both years. 
The first year, each bin was filled with about 74 t t of 
24.5%t moisture corn October 21-22, 1982 (Table 1). 
Fans were started during bin filling and operated 
continuously until average daily temperatures were less 
than 0°C (first week in December). At this point, drying 
progress ceased because equilibrium moisture of drying 
air was greater than moisture of corn in the bins. Bins 
were aerated once during winter, and drying was 
resumed April 16 and completed by May 1, 1983. 
Frequent stirring was tested in the east bin, which was 
stirred for 48 h during bin filling and then 48 h each 
week of drying. The center bin was stirred three times — 
for 48 h after bin filling, when average moisture was 
about 19%, and at the end of the drying period. Initial 
airflow was 27.5 L/s-t§ in the unstirred bin and 38.3 
L/s-t in the stirred bins. 
t i t = 1 metric ton = 1000 kg @ 15.5% moisture (wet basis) 
= 845 kg dry matter = 39.37 bushels 
=t=Initial and final moistures were determined by using the 72-h, 
103°C, air-oven method. Intermediate moistures were determined by 
using a DICKEY-john GAC II. 
§1 L/s-t = 0.0538 cfm/bu 
The second year, each bin was filled with about 78 t of 
19.5% corn October 13-14, 1983. Fans were started 
during bin filling and operated continuously until mid-
November. Note that the 5- to 7-hp fan on the east bin 
was replaced with a 3-hp model in 1983 (Table 1). Bins 
were aerated twice during winter, and drying was 
resumed April 15 and completed by May 3, 1984. The 
east and center bins were stirred during filling and at the 
end of the drying period. The center bin was also stirred 
at fall shutdown because we thought drying was complete 
then. But moisture measurements taken after stirring 
indicated that additional drying was needed in spring. 
Initial airflows were 24.3, 37.7, and 29.5 L/s-t in the 
east, center, and west bins, respectively. 
1982-83 Results 
Field-test results are presented in Table 1. Stirring 
increased initial airflow 39.3% and reduced drying time 
11.4%. The reduction in drying time seems small 
considering the large initial increase in airflow, but (a) 
the airflow advantage in stirred bins decreases during 
drying (Wilcke and Bern, 1986) and (b) the airflow 
advantage from stirring is offset by a reduced rate of 
water removal when the stirrer moves dry corn to the top 
of the bin. 
The stirred bins used less total electric energy and less 
energy per unit of grain (kWh/t) than the unstirred bin. 
We also used kWh/t-% and a drying energy index (DEI) 
to compare energy use. DEI is the ratio of purchased 
energy per unit of water removed to the latent heat of 
vaporization of free water at 20°C (2454 kJ/kg or 1056 
TABLE 1. FIELD-TEST DRYING RESULTS 
Com quantity, tl| 
Fan motor power 
nominal output, hp 
Measured input. 
kW** 
Initial airflow. 
L/s-t 
Stirrer power 
measured input. 
kW** 
Moisture content 
initial, % wet basis 
final, % wet basis 
Drying time, h 
Purchased drying 
energy 
fan, kWh 
stirrer, kWh 
total, kWh 
kWh/t 
kWh/t-% 
DEItt 
East* 
73.92 
5-7 
6.61 
38.3 
1.03 
24.73 
14.10 
1254 
8292 
426 
8718 
117.9 
11.09 
1.25 
1982-83 
Centert 
73.61 
5-7 
6.49 
38.3 
0.77 
24.61 
13.65 
1254 
8137 
118 
8255 
112.1 
10.23 
1.16 
West:]: 
73.16 
5-7 
6.49 
27.5 
24.66 
13.02 
1416 
9187 
9187 
125.6 
10.79 
1.23 
.East § 
78.57 
3 
3.26 
24.3 
1.03 
19.54 
15.37 
96 8 
3159 
91 
3250 
41.36 
9.92 
1.17 
1983-84 
Centert 
77.80 
5-7 
6.45 
37.7 
0.78 
19.60 
15.18 
6 7 5 
4349 
105 
4454 
57.25 
12.95 
1.53 
West$ 
79.20 
5-7 
6.39 
29.5 
19.72 
14.32 
936 
5984 
5984 
75.56 
13.99 
1.67 
*Stirred 48 h/week. 
tStirred three times. 
$ Unstirred. 
§ Stirred twice. 
lilt = 1000 kg com @ 15.5% moisture (wet basis) = 845 kg dry matter = 39.3 7 bu. 
**Measured at beginning of test. 
t tDrying energy index = (purchased energy/mass water removed)/(heat of 
vaporization of free water @ 20° C). 
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Btu/lb). DEI allows easy conversion to either kJ/kg or 
Btu/lb. Although the unstirred bin used more total 
energy, it removed much more water than the bin stirred 
weekly, and so had a lower DEI. 
Table 1 indicates that all three dryers overdried corn 
(fmal average moisture less than 15.5%). Some 
overdrying was expected in the unstirred bin because, in 
Iowa, bottom layers are usually well under 15.5% by the 
time the top layer reaches 15.5%. Final moisture at the 
bottom of the unstirred bin was 11.8%. In theory, we 
should have been able to stop drying the stirred bins very 
close to an average, uniform moisture of 15.5%. In 
practice, we only checked moisture once a week, and the 
stirred bins and the top layer of the unstirred bin dried to 
less than 15.5% before we shut off the fans. The east bin 
overdried least because weekly stirring slowed the rate of 
water removal as drying neared completion. More 
frequent moisture checks would have reduced drying 
time, energy use, and overdrying in all three bins, with 
greatest improvement in the bin stirred three times. 
1983-84 Results 
Because three-time stirring produced greatest energy 
savings the first year, we decided to use it in both stirred 
bins the second year. With harvest moisture below 20%, 
however, only two stirrings were planned. 
Comparing bins with the same size fans, stirring 
increased initial airflow 27.8%, reduced overdrying 
about 0.9 percentage point, and reduced electric-energy 
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15 25 
% MCWB 
100% AT 
Fig. 1—Simulation results for unstirred corn. Used 100% of airflow 
from fan curve. Used 100% of electric energy input to calculate 
temperature rise. 
use 25.6%. Stirring also enabled a 3-hp fan to dry corn 
almost as fast as the 5- to 7-hp fan on the unstirred bin 
(968 vs. 936 h) while using 45.7% less energy. 
Poor drying weather in 1983-84 caused DEIs to be 
higher than expected for all three bins. Poor drying 
weather (and more frequent moisture checks) also 
resulted in less overdrying than the previous year. 
COMPUTER SIMULATION 
The field test results are valuable, but provide 
information for only two harvest moisture contents, two 
fan sizes, and two sets of weather conditions. Computer 
simulation, on the other hand, allows rapid "testing" of 
many different airflows and harvest moisture contents 
under a wide variety of weather conditions. A computer 
model was modified to allow simulation of stir drying, 
calibrated by using our field-test results, and then used 
to study performance of stir drying systems with 20 years 
of Des Moines, lA, weather data. 
Wilcke (1985) provides a FORTRAN Hsting and 
description of the natural-air drying with stirring 
(NADWIS) computer model. It is a modified version of 
FALDRY (Van Ee, 1980), which had its roots in 
Thompson's storage model (Thompson, 1972), as revised 
by Morey et al. (1976, 1977). NADWIS adjusts airflow 
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CENTER B I N 1 0 0 % AIRFLOW 
F T : F I E L D TEST 
C S : COMPUTER S I M U L A T I O N 
10 15 2 0 
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100% AT 
25 
Fig. 2—Simulation results for corn stirred three times. Used 100% of 
airflow from fan curve. Used 100% of electric energy input to calculate 
temperature rise. 
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Fig. 3—Simulation results for corn stirred weekly. Used 100% of 
airflow from fan curve. Used 100% of electric energy input to calculate 
temperature rise. 
after each simulated day of drying by using relationships 
between airflow and moisture removal that were 
developed from field-test results (Wilcke and Bern, 
1986). NAD WIS simulates stirring (when it is called for) 
by setting wet basis grain moisture, temperature, and 
accumulated dry-matter loss for each layer equal to the 
bin average. 
NAD WIS users can select three stirring options: (a) no 
stirring; (b) weekly stirring; or (c) two/three-time stirring 
(at beginning and end of drying, and at 20% average 
moisture, if initial moisture is greater than 21%). Model 
users can also select fmal desired moisture content. We 
selected 15.5%. Drying continued until maximum and 
average corn moisture were 15.5% or less. Final 
moistures usually were less than target values because 
the model used 24-h average weather data and checked 
moistures only after full days of drying. Some overdrying 
usually occurred the last day—especially when weather 
was warm and dry. 
During model calibration, NADWIS overpredicted 
drying unless airflow used in drying equations was 
reduced to 74% of the fan-curve value. Morey et al. 
(1977) and Anderson (1985) used similar airflow 
reduction factors in their simulations. Uneven airflow 
through real bins and air leakage were their reasons for 
the need to reduce the simulated airflow value. Also, only 
57.5% of the electric-energy input to the fan motor was 
12-1-82 
AVG MC: 
FT 17.3 
CS 17.0 
15 20 
% MCWB 
WEST BIN 74% AIRFLOW 57.5% 
FT: FIELD TEST 
CS: COMPUTER SIMULATION 
15 20 
% MCWB 
AT 
Fig. 4—Simulation results for unstirred corn. Used 74% of airflow 
from fan curve. Used 57.5% of electric energy input to calculate 
temperature rise. 
used to calculate air-temperature rise. (This would be the 
temperature rise measured in the plenum when motor 
efficiency is 85% and impeller efficiency is 50%.) 
Although it is true that total electric-energy input is 
dissipated as heat in the grain mass, including total 
energy caused overprediction of drying. Using total 
energy input to calculate temperature rise gives drying 
air with an equilibrium moisture lower than what corn at 
bin bottom is actually exposed to. Figs. 1 through 3 
illustrate the discrepancy between field-test and 
computer-simulation results when full, fan-curve airflow 
and maximum temperature rise are used in the 
simulation. Figs. 4 through 6 show the improvement in 
agreement when airflow is reduced to 74% of the fan-
curve value and temperature rise is reduced to 57.5% of 
maximum. Vertical lines in the figures indicate stirring 
with resultant blending to a uniform moisture. 
Results and Discussion 
Computer simulation results for stirred and unstirred 
20 and 24% moisture corn harvested mid-October in 
central Iowa and loaded into bins in one day are given in 
Tables 2 and 3. In the stirred bins, 20% moisture corn 
was stirred twice and 24% moisture corn was stirred 
three times. For successive runs with 20 years of weather 
data, airflow was changed in 1.9 L/s-t (0.1 cfm/bu) 
increments until drying was completed in at least 18 of 
the 20 years simulated with <0.5% dry-matter loss in the 
worst layer (90% probability of drying success). Input 
power to the fan motor was estimated by assuming 85% 
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15 20 25 
% MCWB 
Fig. 5—Simulation results for corn stirred three times. Used 74% of 
airflow from fan curve. Used 57.5% of electric energy input to calculate 
temperature rise. 
motor and 50% impeller efficiency, and by using Shedd's 
curve multipliers (SCM) measured in our field tests. For 
stirred corn, SCM24% = 1.18 and SCM2o% = 1.12, and 
for unstirred corn, SCM24% = 2.35 and SCM2o% == 1.'76 
(Wilcke and Bern, 1986). Fans were assumed to operate 
continuously until corn was dry or fall shutdown 
conditions were reached. If drying was not completed in 
fall, simulation continued, beginning with weather data 
for April 1 of the next year. 
Bin capacities were estimated by using bulk densities 
from field tests and assuming that bins would be filled to 
maximum possible depth. For 20% moisture corn, bins 
were assumed to be 7-rings (5.7-m) high with 0.46-m 
plenum height and 0.61-m freeboard required for the 
stirrer. For 24% moisture unstirred corn, unreasonably 
large fans were required for 90% probability of success 
in 7-ring bins, so 5-ring bins were simulated. Seven-ring 
bins were used for 24% stirred corn and again, 0.61-m 
freeboard was required for the stirrer. 
Tables 2 and 3 show that stirring greatly reduced fan-
energy use and overdrying. Stirring 20 and 24% corn 
reduced energy use (kWh/t) 83.1% and 51.5%, 
respectively. Overdrying was reduced about 2 percentage 
points for both harvest moistures. 
Minimum airflow required to obtain 90% probability 
20 
MCWB 
25 
12-1-82 
AVG MC: 
FT 17.3-
CS. 17.4 -
20 
MCWB 
25 
EAST BIN 74% AIRFLOW 57.5% 
FT: FIELD TEST 
CS: COMPUTER SIMULATION 
Fig. 6—Simulation results for corn stirred weekly. Used 74% of airflow 
from fan curve. Used 57.5% of electric energy input to calculate 
temperature rise. 
of drying success for unstirred 20% moisture corn was 
16.7 L/s-t (0.9 cfm/bu), (Midwest Plan Service 
recommends slightly under 1.0 cfm/bu (MWPS, 1980)), 
with an estimated fan motor input of 3.0 kW. Stirring 
reduced airflow and fan power requirements to 11.1 
L/s-t (0.6 cfm/bu) and 0.4 kW, respectively. Unstirred 
24% moisture corn required 50.2 L/s-t (2.7 cfm/bu), 
(MWPS recommends about 2.5 cfm/bu), with an 
estimated fan motor input of 13.2 kW. Stirring reduced 
these requirements to 27.9 L/s-t (1.5 cfm/bu) and 3.2 
kW. Remember that the simulated unstirred bin is 
shorter than the stirred bin. Corn depth does not affect 
airflow requirements per unit of corn, but does affect fan 
power requirements. With a taller unstirred bin, an even 
larger fan would have been required. 
Because relatively low airflows were acceptable for 
drying 20% moisture corn, drying was slow and never 
completed before winter (Table 2). Much higher airflow 
was required for 24% moisture corn in unstirred dryers, 
and drying was completed before winter 19 of 20 years. 
Stirring reduced moisture (and spoilage risk) of the top 
layer. This allowed use of lower airflow for 24% moisture 
corn and reduced fall finishes to 5 of 20 years (Table 3). 
Our results show that stirring greatly reduces 
maximum dry matter loss compared with unstirred corn 
having the same airflow, or allows a lower minimum 
airflow for successful drying. But it must be pointed out 
that stirred bins dried with minimum airflow will have a 
higher average dry matter loss than unstirred bins dried 
with minimum airflow. In unstirred bins, maximum dry 
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TABLE 2. COMPUTER SIMULATION R E S U L T S F O R 20% MCWB CORN 
October 15 harvest, Des Moines, lA 
Maximum dry-mat te r loss < 0.5% at least 18 ou t of 20 years 
Year 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1 9 7 1 
1972 
1 9 7 3 
1974 
1 9 7 5 
1976 
1977 
1978 
1979 
1980 
1 9 8 1 
1982 
mean 
Fan 
energy. 
kWh/ t 
N S t 
55 .3 
65 .0 
56.8 
52.3 
56.0 
59.8 
54.5 
55.3 
71.0 
74.7 
54.5 
58.3 
54.5 
50 .1 
56.8 
56.8 
53.8 
46 .3 
55.3 
63.5 
57 .53 
s$ 
11.5 
10.2 
10.6 
9.8 
9.7 
10.0 
8.9 
8.7 
12.7 
11 .5 
8.9 
10.0 
9.3 
7.4 
9.5 
10.2 
8.2 
7.3 
9.8 
10.2 
9 .72 
s tandard deviation 
6.66 1.32 
Overdrying* 
(points 
w 
NS 
1.5 
2.4 
1.2 
1.3 
2.0 
1.9 
2.3 
3.1 
1.2 
3.1 
1.8 
1.5 
1.9 
3.4 
1.9 
1.4 
3.0 
2.5 
1.6 
2-2 
2.06 
0.68 
.b.) 
S 
0.1 
0.1 
0.0 
0.1 
0 .1 
0.1 
0 .1 
0.1 
0.1 
0.0 
0 1 
0.0 
0.0 
0 .1 
0.2 
0.0 
0.2 
0 .1 
0.1 
0.1 
0 .085 
0 .059 
Maximum dry 
ma t t e r loss. 
% 
NS 
0.45 
0.45 
0.32 
0.25 
0.17 
0.28 
0.18 
0.28 
0.53 
0.45 
0.28 
0.32 
0.32 
0.17 
0.38 
0.30 
0.37 
0.20 
0.26 
0.26 
19 /20 § 
S 
0.47 
0 .41 
0 .31 
0.22 
0.16 
0.25 
0.15 
0.24 
0.55 
0.37 
0.22 
0.29 
0.30 
0.12 
0,30 
0.28 
0.29 
0 .16 
0.19 
0.22 
19 /20 
Fall 
finish? 
NS S 
0/2011 0 /20 
* Overdrying = 15.5 - (final average mois ture) = percentage poin ts , wet basis. 
t N S : no stirring, 5.5-m dia. x 5.7-m high b i n ; 96 .4 t corn ; 3.0 kW inpu t to fan 
m o t o r ; 16.7 L/s-t init ial airflow. 
$ S : stirred twice (at beginning and end of dry ing) ; 5.5-m dia. x 5.7-m high b in ; 
82.9 t corn; 0.4 kW inpu t to fan m o t o r ; 11 .1 L/s*t initial airflow. 
§ Number of years wi th dry-mat ter loss < 0.5%. 
II Number of years wi th drying comple te before winter . 
TABLE 3. COMPUTER SIMULATION RESULTS F O R 24% MCWB CORN 
. October 15 harvest, Des Moines, IA 
Maximum dry-mat te r loss < 0.5% at least 18 o u t of 20 years 
Year 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1 9 7 4 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
mean 
Fan 
energy, 
kWh/ t 
N S t 
118 .1 
133.6 
118.1 
107.9 
118.1 
123 .3 
133.6 
133.6 
143 .8 
236.3 
113.0 
107.9 
102.7 
133.6 
143.8 
113.0 
123.3 
123 .3 
123.3 
123 .3 
128.68 
s tandard deviatio 
27 .76 
SI: 
56.9 
77.5 
65 .1 
58.9 
67.2 
68.2 
50.6 
55.8 
74 .4 
78.6 
61.0 
62.0 
64 .1 
46 .5 
61.0 
67.2 
58.9 
42 .4 
56.9 
75.5 
62.44 
n 
9.79 
Overdrying* 
(points 
w 
NS 
2.3 
1.1 
2.4 
3.2 
2.1 
2.0 
1.9 
1.7 
2.0 
1.1 
2.4 
1.6 
1.9 
3.0 
1.6 
2.9 
2.2 
3.4 
3.0 
2.3 
2 .21 
0.65 
.b.) 
S 
0.1 
0.0 
0.1 
0.0 
0.2 
0.3 
0.0 
0.1 
0.0 
0.1 
0.1 
0.1 
0.0 
0.0 
0.1 
0.1 
0.0 
0.1 
0 .1 
0.0 
0 .075 
0 .079 
Maximum dry 
ma t t e r loss. 
% 
NS 
0.77 
0.36 
0 .41 
0.15 
0.16 
0.27 
0.18 
0.36 
0.75 
0.34 
0.32 
0.39 
0.28 
0.12 
0.50 
0.29 
0.45 
0.20 
0.29 
0.26 
18 /20 § 
S 
0 .71 
0.47 
0.45 
0.19 
0.17 
0.29 
0.17 
0.36 
0 .81 
0.43 
0.32 
0.36 
0.34 
0.10 
0 .50 
0.29 
0.47 
0.17 
0.26 
0.28 
18 /20 
Fall 
finish? 
NS 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
19/2011 
S 
X 
X 
X 
X 
X 
5/20 
•Overdrying = 15.5 - (final average mois ture) = percentage points , wet basis. 
t N S : No stirring; 5.5-m dia. x 4.1-m high bin; 61.7 t corn ; 13.2 kW input to fan 
m o t o r ; 50.2 L/s ' t initial airflow. 
J S : Stirred three t imes (at beginning and end of drying, and 20% avg. mois tu re ) ; 
5.5-m dia. x 5.7-m high bin; 74.3 t corn; 3.2 kW input to fan m o t o r ; 27.9 L/s-t 
initial airflow. 
§ Number of years with dry-mat ter loss < 0.5%. 
IINumber of years with drying comple te before winter . 
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matter loss usually occurs in the top layer. Lower layers, 
which dry much sooner, experience less loss, and the bin 
average is well under the maximum value. In stirred 
bins, corn with varying levels of deterioration is blended. 
This reduces maximum deterioration, but raises the level 
of deterioration in all layers. The impact of the difference 
between average dry matter loss in stirred and unstirred 
bins is greatest in the 2 out of 20 years when drying is 
unsuccessful (maximum dry matter loss greater than 
0.5%). Only the top layer or two, or 10 to 20% of the 
corn in unstirred bins will be spoiled. But for bins stirred 
frequently, average dry matter loss equals the maximum 
value, and all the corn might be spoiled. 
ECONOMIC ANALYSIS 
Both field-test and computer-simulation results show 
that stirrers can reduce energy and overdrying costs. But 
stirrers increase equipment, repair, maintenance, and 
insurance costs, and reduce bin capacity. We conducted 
an economic analysis to study the relative effects of corn 
and electricity prices and initial corn moisture on cost 
effectiveness of adding stirrers to natural-air drying bins. 
Because our bulk density and airflow resistance data 
were from 5.5-m diameter bins, we included only 5.5-m 
diameter bins in our economic analysis. Breakeven 
points will undoubtedly differ from ours for larger bins, 
but trends in cost effectiveness should be the same. 
We used average energy and overdrying values from 
the computer simulations (Tables 2 and 3) and 
equipment costs from a large Iowa dealer (Table 4). 
Assumptions were: 30% tax bracket, 15% interest rate, 
insurance equal to 0.5% of first cost, annual repair and 
maintenance cost equal to 2% of first cost, and 20-year 
equipment life. Some might argue that our stirrer repair 
cost is low and life expectancy high, but experience with 
stirrers in our research bins (used more than 400 h some 
years) indicates that these values are reasonable. Also, 
wear and tear should be minimal for stirrers used only 
two or three times (96 to 144 h) per year. 
We used annual equivalent of net revenues (AEX) to 
judge cost effectiveness. This is a capital recovery 
approach suggested by Smith (1973). 
Results for 20% moisture corn (Table 5) showed that, 
TABLE 4. DRYER COSTS AND CAPACITIES 
TABLE 5. NET REVENUE COMPARISON, 
20% MCWB CORN 
Corn moisture, % sb 
Bin diameter, ft 
m 
Bin sidewall height, 
rings 
m 
Bin capacity, bu 
t 
Nominal fan output, 
hp 
kW 
Cost, $$ 
Bin 
Stirrer 
Total 
S* 
24 
18 
5.5 
7 
5.7 
2925 
74.3 
3 
2.2 
6801 
1791 
8592 
N S t 
24 
18 
5.5 
5 
4.1 
2428 
61.7 
13 
9.7 
6050 
6050 
S 
20 
18 
5.5 
7 
5.7 
3265 
82.9 
0.5 
0.4 
6550 
1791 
8341 
NS 
20 
18 
5.5 
7 
5.7 
3794 
96.4 
3 
2.2 
6801 
6801 
Price 
of 
corn. 
^corn ($/t) 
100 
120 
NS* 
57.21 
70.88 
Price of electricity. 
Peiec ($/kWh) 
0.05 0.10 
S t NS 
Net revenue, AEX ($/t) 
56.10 55.20 
70.09 68.86 
S 
55.72 
69.71 
*NS: no stirring; 96.4 t corn 
AEX = 0.6834 Pcom " 40.27 Pgiec " 9.112 
t S stirred twice (at beginning and end of drying); 
82.9 t corn 
AEX = 0.6993 Pcorn " 7.615 Pgiec " 13.44 
TABLE 6. NET REVENUE COMPARISON, 
24% MCWB CORN 
Price 
of 
corn, 
^corn 
($/t) 
100 
120 
NS* 
51.05 
64.69 
Price of electricity, 
Peiec ($/kWh) 
0.05 0.10 
S t NS 
Net revenue, AEX ($/t) 
52.24 46.55 
66.23 60.18 
S 
49.99 
63.98 
*NS: no stirring; 61.7 t corn 
AEX = 0.6822 P^ • 90.08 Peiec - 12.67 
t S : stirred three times (at beginning and end of 
drying, and at 20% avg. moisture); 74.3 t corn 
AEX = 0.6993 Pp 
- 45.06 Peiec " 15.44 
* Equipped with a single-auger stirrer. 
tNot equipped with stirrer, 
^Values are from Stockdales, Iowa Falls, lA, February, 1985. 
at both corn prices ($100 and $120/t or about $2.50 and 
$3.00/bu), stirring sHghtly decreased net revenue when 
electricity cost $0.05/kWh, and slightly increased net 
revenue when electricity cost $0.10/kWh. Because 
stirring reduces electricity use, we had expected revenues 
from stirring to increase as electricity prices increased. 
Revenues were equivalent at about $0.08/kWh. At both 
electricity prices, revenues from stirring were more 
favorable (or less unfavorable) at higher corn prices. This 
trend was also expected, because stirring reduces 
overdrying or excess weight loss. Excess weight loss is 
more costly at higher corn prices. 
For 24% moisture corn (Table 6), stirring increased 
revenues at both corn and electricity prices. Again, 
revenue improvement from stirring was greater at higher 
corn and electricity prices. 
The economic analysis indicates that, for the 
conditions examined, adding stirrers to natural-air bins 
used to dry low moisture corn (less than about 22%) is 
probably a breakeven proposition. But for higher 
moisture corn (greater than about 22%), adding stirrers 
is probably cost effective — especially if electricity prices 
are high. 
CONCLUSIONS 
Comparing stirred and unstirred natural-air corn 
drying in two years of field tests and computer simulation 
with 20 years of Des Moines, lA, weather data, our 
results showed that: 
• For bins with the same size fan, stirring reduced 
drying time, energy use, and overdrying. 
• Stirring allowed successful drying (maximum dry 
matter loss less than or equal to 0.5%) using lower 
airflow and smaller fans, with large energy savings — 
83.1% for 20% moisture corn and 51.5% for 24% corn. 
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